Abstract Nowadays, because of the deregulation of the power industry the continuous increase of the load increases the necessity of calculation of available transfer capability (ATC) of a system to analyze the system security. With this calculation, the scheduling of generator can be decided to decrease the system severity. Further, constructing new transmission lines, new substations are very cost effective to meet the increasing load and to increase the transfer capability. Hence, an alternative way to increase the transfer capability is use of flexible ac transmission system (FACTS) controllers. In this paper, SSSC, STACOM and UPFC are considered to show the effect of these controllers in enhancing system ATC. For this, a novel current based modeling and optimal location strategy of these controllers are presented. The proposed methodology is tested on standard IEEE-30 bus and IEEE-57 bus test systems with supporting numerical and graphical results. 
Introduction
One of the major advantage of competitive electricity market is the availability of power is open to all consumers to access power from the transmission system. This open access of power system network may create the overload on the power system network more frequently. In power system network, since ATC is an available transfer capability, and unless the calculations of ATC are being used optimally by the power transmission companies, huge amount of power losses will occur in the power system network. The result of this will be a challenging task for power system operation people to manage the system in secured conditions. In deregulated power system, the optimal location of FACTS devices for maximizing the power transfer capability, an Evolutionary Programming (EP) is proposed in [1] . This method will also search for FACTS locations, FACTS parameters, and real power generations except slack bus in source area, real power loads in sink area and generation bus voltages in a power system network. The existing real and reactive power equation can also be modified by using SSSC & UPFC, which will improve the power flow and security of the power system network [2] . The Unified Power Flow Controller (UPFC) consists of two coordinated synchronous voltage sources which will be connected in series and parallel to the transmission system. UPFC can improve the overall power system security [3] [4] [5] . To increase the ATC values of the system and to minimize the system losses, a suitable type, locations, and parameter settings of FACTS devices are identified by Evolutionary Programming (EP). Test results are witnessed that, optimally placed FACTS device systems will enhance the ATC, than compared to the ordinary power system network [6] .
If existing transmission system is being used to the possible extent, then the transmission system owners and customers will receive enhanced services with reduced prices [7] . To improve the ATC, various adjustments will be made. These adjustments could be generator terminal voltage or under load tap changers or generator outputs. The ATC of power system network gives the status of unutilized power at any time and depends on many factors due to the thermal, voltage and stability considerations. The main factors which will decide the ATC are system load level, load distribution in network, power transfer between areas, the limit imposed on the transmission network, etc. This information will be helpful for power marketers, sellers and buyers to participate in the commercial activities [8] . The security constrained OPF (SCOPF) is another method which will solve the steady state security constrained OPF of the power system network. The steady state analysis approach is being used in this methodology and it is a time-consuming method [9, 10] . As a replacement of SCOPF, the transferbased security constrained OPF (TSOPF) method has been proposed for the calculations of ATC in the competitive markets [11] . In this method the TRM and CBM values are also assessed.
Genetic Algorithm (GA) approach has been extensively used in power system networks, in view of optimization approach, and this GA approach has also been extended in calculations of ATC. GAs can find a globally optimal solution [12] . Modern heuristic technique such as Particle Swarm Optimization (PSO) algorithms is one of the method, which is effectively proving that, the optimal values of ATC can be calculated for any power system network [13] . Generally ATC can be classified as Static ATC and Dynamic ATC and these optimal calculations are referred in [14] . Static ATC can be calculated based on continuous power flow and linear sensitivity methods. But in reality since the generation and loads are dynamic, therefore by maintaining static stability constraints, if the ATC is calculated with the dynamic stability limits, then the ATC is called as dynamic ATC. An iterative methodology has been implemented to check the dynamic behavior of the system in calculating the ATC. In this method the trajectories which lie on the stability margin must approach an unsteady equilibrium point [15] .
To determine the ATC for bilateral and simultaneous transactions between seller and buyers OPF models are formulated for most of the FACTS devices viz. STATCOM, SSSC, and UPFC. In bilateral transaction a buyer bus demands real power from seller bus. This transaction can be maximized by maintaining equality and inequality constraints [16] . In general Power flows can be calculated between any seller and buyer buses. Since ATC is a function of power flow sensitivity, this will provide a better location for FACTS device in finding best possible ATC values. To enhance the ATC values in a power system network, the sensitivity factors known as Power Transfer Distribution Factors (PTDFs), will provide optimal locations for any FACTS device [17] . For effective increase of transmission system capacity, several studies have found that, by using FACTS devices, the current through a line can be controlled at a reasonable level, which will enable the increase of existing transmission lines [18, 19] .
From the careful review of the literature it is identified that, the evaluation of ATC using sensitivity approach is one of the effective methods. In this paper, ATC is evaluated by formulating power transfer distribution factors (PTDFs). Further, the system ATC is enhanced using the FACTS controllers. To increase the effectiveness of the problem, the FACTS controllers are placed in an optimal location. A methodology based on the total power loss minimization is presented to identify an optimal location of FACTS. From the literature, it is also identified that, voltage source converter type FACTS controllers are powerful and more effective when compared to the variable impedance type FACTS controllers. Hence, in this paper, the static synchronous series compensator (SSSC), static compensator (STATCOM) and unified power flow controller (UPFC) devices are considered. To identify the effect of these controllers on system performance and on OPF problem, a novel current based model of these controllers is also developed. Using this model, these controllers can be easily incorporated in a given system with decreased computation burden. The proposed methodology is tested on standard IEEE-30 bus and IEEE-57 bus test systems with supporting numerical and graphical results.
ATC evaluation
ATC gives the measure of the transfer capability of the existing transmission network for increase in load to meet the commercial activities [20] . The existing transmission network is restricted by the respective power carrying limits of the line and also, the transmission line connected buses have voltage limits. In general, the transfer capability means the ability to transfer/increase/divert the power from one area/bus to another area/bus through the existing system configuration.
There are various sensitivity factors available in the literature to calculate ATC for a given system [21] . From this literature, it is identified that, the calculation of ATC using these factors is easy, simple and less time consuming. Basically, these factors give the relationship between the amount of transaction and the actual power flow in a line. This relation is very commonly termed as power transfer distribution factor (PTDF). This PTDF resembles/reflects the change in generation/load on power flow in a line. The AC Power Transfer Distribution Factor (ACPTDF) is used to identify the system parameters for a change in MW transaction under normal and contingency conditions.
For a Bi-Lateral Transaction (BTk) between two buses i.e. between seller bus 'p' and buyer bus 'q', the transmission lines in a given system contribute some part for the power transaction. Let us consider, the change in power generation for a transaction be DBTk MW and due to this, the change in real power flow in a transmission line connected between buses 'i' and 'j' is DP. From this, the power transfer distribution factors can be defined as
Here, DP can be either, the real power flow from bus-i to bus-j or vice versa. These factors are evaluated using base case load flow results using Newton-Raphson-Jacobian elements [J T ]. The mathematical representation of the system performance equation can be given as 
The power change in transaction causes the change of active power flow in line i-j. These changes can be mathematically represented as
In bi-lateral transaction, due to change in DBTk MW, the following two mismatch vectors are changed in Eq. (2) and these values are non-zero elements.
These mismatch vectors and change in power transactions are taken into consideration to calculate the new voltage magnitudes and voltage angles at all buses. These new voltage profiles are used to compute the power flow in all transmission lines and thereby the change in power flows. Using Eq. (1), the ACPTDF are evaluated in each of the transmission lines for a given transaction.
After this, the available transfer capability of a transaction between buses 'p' and 'q' can be calculated using
where the transaction T ij;pq À Á can be given as ; PTDF ij;pq < 0
1;
where P max ij ; P 0 ij are the maximum MW power limit and base case power flow of a line between buses 'i' and 'j'.
OPF problem formulation
The generalized form of optimal power flow (OPF) problem can be formulated by considering total power losses as an objective, by adjusting the system control variables while satisfying a set of operational constraints. Therefore, the OPF problem can be formulated as follows: minimize Aðx; uÞ subjected to gðx; uÞ ¼ 0; hðx; uÞ 6 0 ð8Þ where 'g' and 'h' are the equality and inequality constraints respectively and 'x' is a state vector of dependent variables such as slack bus active power generation (P g,slack ), load bus voltage magnitudes (V L ) and generator reactive power outputs (Q G ) and apparent power flow in lines (S l ) and 'u' is a control vector of independent variables such as generator active power output (P G ), generator voltages (V G ), transformer tap ratios (T) and reactive power output of VAr sources (Q sh ).
The state and control vectors can be mathematically expressed as
where 'NL', 'NG', 'nl', 'NC' and 'NT' are the total number of load buses, generator buses, transmission lines, VAr sources and regulating transformers respectively.
ATC objective
The measure indicates the network power transfer capability to increase the usage of the committed users, and here, ATC is one of the limiting elements. The ATC for a transaction between buses 'p' and 'q' can be calculated using
Total power loss objective
The active power losses in a given system must be minimized to increase the transfer capability. Hence, the total transmission power losses can be mathematically expressed as
where g k is the conductance of the transmission line connected between buses 'i' and 'j'. V i , V j and d i ; d j are the voltage magnitudes and voltage angles at buses 'i' and 'j' respectively.
Constraints
This problem is optimized by satisfying the following equality, in-equality, and practical constraints.
Equality constraints
These constraints are typically power flow equations handled in Newton-Raphson load flow.
where P Gi , Q Gi are the active and reactive power generations at ith bus, P Di , Q Di are the active and reactive power demands at ith bus, N bus is number of buses and jY ij j, h ij are the bus admittance magnitude and its angle between ith and jth buses. 
The control variables are self-constrained, whereas the inequality constraints, such as P G1 , Q Gi , V i , S li are not. Hence, these inequalities are incorporated into the objective function using a penalty approach [22] . The augmented function can be formulated as
where k p ; k v ; k q and k s are the penalty quotients having large positive value. The limit values are defined as
Here, 'x' is the value of P G1 , V m and Q Gm .
Firefly Algorithm (FA)
Nowadays, in many of the optimization problems, the Firefly Algorithm (FA) has become an important tool of swarm intelligence. Using firefly algorithm many problems have been successfully solved to improve convergence in different mathematical applications. Initially Yang [23] has developed the firefly algorithm which was extensively expanded its application fields since its establishment in 2008. Many of the researchers have studied the behavior of firefly phenomenon in nature and explained the behavior in [24] [25] [26] . Fireflies are able to flashing light due to the characteristic named as bioluminescence which is the production and emission of light by a living organism. Firefly flash signals can be used for defense mechanism, which can serve to warn possible hunters [27] . The algorithm has been developed based on the laws of illumination. As per the laws, Light intensity decreases with the increase in the square of the distance.
Basically the firefly algorithm has been classified in two ways, which will set their algorithm parameters [28] . The parameters tuning [29] , based on which the best values of parameters can be identified and can be fixed during iterations. On the other hand, by parameter control, the modification of the parameters can be possible during the run of the program. For multi-modal optimization applications, the new FA was developed in [30] . This method was based on the approach that, the fireflies can automatically subdivide themselves into a few groups because adjacent attraction is stronger than long-distance attraction.
In recent few years, the FA technique was used for many of the optimization techniques i.e. continuous, combinatorial, constrained, multi-objective, dynamic and noisy optimizations [31, 32] . The unconstrained optimization problems were tested on standard benchmark functions as given in [33] as the parallelized FA. The Parallelized FA proved that, the better results are obtained with much less execution time. FA has been successfully implemented to solve nonlinear and non-convex optimization problems [34, 35] . The results prove that, FA is a very much effective method and could perform better than many of the optimization algorithms.
FA is one of the evolutionary algorithms, and it is based on flashing patterns and behavior of fireflies. Even though the fireflies are unisex, they will be attracted to the other fireflies and it is proportional to the brightness. Its attractiveness decreases as their distance increases [36] . FA can competently solve highly nonlinear, multi modal design problems.
The characteristics of FA algorithm are as follows [37] :
It can divide the populations automatically into subgroups. It can solve highly nonlinear multi-modal optimization problems efficiently. Premature convergence is not possible in this method, as like in PSO technique. By controlling its scaling parameter, FA can be able to control its modality.
Firefly algorithm is a population based modern heuristic optimization algorithm work based on the bioluminescent process. This process works based on the emission of light by the stimulated enzymes in the biological system due to bio chemical reactions. Basically, the algorithm inspired from the foraging behavior of the fireflies. There are some of the heuristic rules formulated from the behavior of fireflies and are demonstrated as follows:
Fireflies are unisexual in behavior and each of the fireflies attracts other fireflies. The firefly attractiveness depends on the brightness of the firefly. (If the brightness increases results in decreased distance.) If the attractiveness increases then fireflies moves randomly.
The brightness of the firefly depends on the value of the objective function. The brightness of the firefly plays a major role in mating the neighbor partner to find the food source.
The attractiveness of a firefly can be mathematically expressed as
where b 0 is the attractiveness at 0 distance usually accepted as 1. c is the light absorption coefficient, 'm' is the number which represents the distance metric, and 'r ij ' is the Euclidean distance between the fireflies 'i' and 'j' which can be mathematically expressed as
where 'D' is the dimension of the problem and 'x ik ' and 'x jk ' are the dimension of the ith and jth population respectively. The updated position ðS new i Þ of the firefly can be calculated by adding the modified velocity to the present position ðS old i Þ of the firefly.
where X is very small number like 10EÀ6 in order to prevent division by zero. a is a random number generated with uniform distribution in range [0, 1] . 'rand' is a random number generated in the range of [0, 1].
Current based modeling of FACTS controllers
In this section, current based modeling of FACTS controllers is presented with respective OPF limits.
Current based modeling of SSSC
SSSC is an important series FACTS device which controls the active or/and reactive power flow in a line where it is connected by compensating the voltage drop in the respective transmission line. In general, it consists of voltage source converter connected through a coupling transformer into a transmission line. This voltage source converter is supplied through an auxiliary DC source. The converter controls the compensating voltage by varying the firing angles of the solid state devices. Based on the voltage compensation in terms of voltage magnitude and voltage angle, the respective active and reactive power flow in a transmission line is controlled. The schematic representation of the SSSC connected in a transmission line is shown in Fig. 1 . Let us consider simple representation of a transmission line between buses 'k' and 'm' shown in Fig. 2 . Now, SSSC is assumed to be connected in this transmission line and due to this, two additional fictitious buses 'S' and 'R' are created. Because of this, the transmission line impedance 'Z km ' is shifted between 'Z Rm '. The equivalent circuit with the incorporation of SSSC is shown in Fig. 3 .
Here, Z sssc se is the impedance of the series voltage source converter, and this impedance is connected between buses 'k' and 'S'.
The equivalent current source model of SSSC is obtained by injecting the equivalent current into the system by the respective settings related to the series voltage source converter. The schematic representation of current source based model of SSSC is shown in Fig. 4 The current injected by the series converter can be considered as I sssc se , and due to this, the powers supplied by the device at the connected buses i.e. at buses 'S' and 'R' can be mathematically derived as follows:
Power supplied at sending end i.e. at bus-S
We have Available transfer capability evaluation and enhancementBy comparing Eqs. (12) and (14) we get,
Similarly, the power supplied at receiving end i.e. at bus-R is as follows:
We have
By comparing Eqs. (17) and (18) we get,
The power at the respective SSSC connected buses can be calculated as 
Current based model of STATCOM
STATCOM is important shunt FACTS devices which control the voltage magnitude at bus where it is connected by injecting/absorbing the reactive power at that bus. In general, it consists of voltage source converter connected through a coupling transformer at the connected bus. This voltage source converter is supplied through an auxiliary DC source. The converter controls the compensating voltage by varying the firing angles of the solid state devices. Based on the control settings of the converter, the system parameters such as voltage magnitude and voltage angles are controlled which results in controlling of active and reactive power flows in the transmission lines which are attached to this bus. The simple schematic representation of a STATCOM connected at bus-k is shown in Fig. 6 . Let us consider STATCOM is assumed to be connected at bus-k. Due to this, one additional fictitious bus 'P' is created. The equivalent circuit with the incorporation of STATCOM is shown in Fig. 7 .
Here, Z statcom sh is the impedance of the shunt voltage source converter, and this impedance is connected at this bus 'k'.
The equivalent current source model of STATCOM is obtained by injecting the equivalent current into the system by the respective settings related to the shunt voltage source converter. The schematic representation of current source based model of STATCOM is shown in Fig. 8 .
The current injected by the shunt converter can be considered as I statcom sh
, and due to this, the powers supplied by the device at the connected bus i.e. at bus 'P' can be mathematically derived as follows:
Power supplied at bus-P
By comparing Eqs. (21) and (22) we get,
The power at the respective device connected bus can be calculated as
The schematic representation of current based model of STATCOM with the equivalent power injections is shown in Fig. 9 . Fig. 10 . Let us consider UPFC series converter is connected in a line-l (shown in Fig. 11 ) between buses 'k' and 'm' and the shunt converter is connected at bus-k. Due to this, two additional fictitious buses 'S' and 'R' are created in line-l and one fictitious bus 'P' is created in shunt branch. Because of this, the transmission line impedance 'Z km ' is shifted between 'Z Rm '. The equivalent circuit with the incorporation of UPFC is shown in Fig. 11 .
Here, Z upfc se ; Z upfc sh are the impedances of the series and shunt voltage source converters.
The equivalent current source model of UPFC is obtained by injecting the equivalent current into the system by the respective settings related to the series voltage source converter. The schematic representation of current source based model of UPFC is shown in Fig. 12 .
The current injected by the series converter can be considered as I upfc se , and due to this, the powers supplied by the device at the connected buses i.e. at buses 'S' and 'R' can be mathematically derived as follows:
Power supplied at sending end i.e. at bus-S 
By comparing Eqs. (25) and (26) 
By comparing Eqs. (29) and (30) we get,
Similarly, the current injected by the shunt converter can be considered as I upfc sh , and due to this, the powers supplied by the device at the connected bus i.e. at bus 'P' can be mathematically derived as Power supplied at bus-P 
Optimal location of FACTS
In general, the location of FACTS devices is identified to minimize the total transmission losses in a given system (using Eq. (10)). Initially, all possible device installation locations are identified in a given system. By the experience, the following two heuristic rules are formulated to minimize the computation burden and to simplify the problem complexity in identifying the best installation location:
1. FACTS device is not installed in a line where tap changing transformers are installed. 2. FACTS device is not installed in a line between buses where generators and shunt compensators are installed.
Later, FACTS device is placed in all possible locations and the total power losses objective is minimized while satisfying system constraints and device limits. This process is repeated in all possible locations. Finally, the location which has least power losses is considered to be the best location to install FACTS device. It is assumed that, the further analysis is performed by placing the device in this best location. Further, the ATC value is maximized by placing this device in the best location.
Results and analysis
To demonstrate the effectiveness of the proposed methodology, standard IEEE-30 bus [38] and IEEE-57 bus [39] test systems are considered. At first, for a given system, ATC value is evaluated in all possible transactions with respect to all generators. From these transaction values, for each of the generator, minimum and maximum transactions are carry forwarded to enhance the ATC value using OPF and with SSSC. In OPF problem, ATC and TPL are considered as objectives, and this problem is solved while satisfying system constraints.
Test system-1
To verify and validate the proposed methodology, in this section, IEEE-30 bus system with forty-one transmission lines is considered. For this system, the total active power demand is 283.4 MW and there are six generators connected at buses 1, 3, 5, 8, 11, 13, and two shunt compensators connected at buses 10 and 24 and four tap changing transformers connected between buses 6-9, 6-10, 4-12 and 27-28. For this, the variation of ATC values with all generators is shown in Fig. 14 . Figure 15 Convergence characteristics for ATC maximization. Figure 16 Convergence characteristics for TPL minimization. Here, the transactions with generators connected at buses 2, 5, 8, 11 and 13 are treated as seller buses and the load buses are treated as buyer buses. From these variations, it is identified that, maximum ATC value is observed in the transactions where the generators are connected very nearer and minimum ATC value is observed in the transactions where the generators are connected very farer. For example, in transactions with generator at bus-2, maximum ATC is obtained for the transaction between buses 2 and 5, as bus-5 is a generator bus. Similarly, minimum ATC is obtained for the transaction between buses 2 and 26, as the bus-26 is far away from the generator. For each of the generator, the transaction with load at bus-26 is getting minimum ATC value; this is because the connection of this load is very farer from the generators area.
Here, the obtained ATC value for the transaction 5-23 is validated with the existing literature value. The ATC value with the developed method is 19.4832 MW, whereas, in the existing literature [40] the values are 19.35 MW (using MATLAB) and 17.52 MW (using power world simulator). From this, it is observed that, the developed methodology yields better results when compared with the existing methodologies.
To enhance ATC value and to minimize TPL value, OPF problem with ATC and TPL as objectives is solved while satisfying system constraints using Firefly algorithm. The OPF results for ATC and TPL for the transaction between buses 2 and 5 with respective control parameters are tabulated in Table 1 . From this table, it is identified that, maximization of ATC increases the TPL value and minimization of TPL decreases the ATC value. It is also identified that, the time taken to minimization of TPL is less when compared to maximization of ATC. This is due to the minimization of TPL works independent of the transactions on a given system. The convergence characteristics for ATC and TPL are shown in Figs. 15 and 16 . From these figures, it is identified that, final best value is obtained within 20 iterations. The obtained OPF results for ATC and TPL are validated with the existing methods [41] [42] [43] [44] , and are tabulated in Table 2 . From this table, it is identified that, the presented firefly algorithm yields better results when compared to existing methods.
By following the formulated heuristic rules in section 6, the possible device installation locations in this system for SSSC and UPFC are 38 whereas for STATCOM it is 22. The variation of TPL values in all these possible locations with FACTS controllers is shown in Fig. 17(a)-(c) . From Fig. 17(a) and (c) , it is identified that, location-3, i.e. transmission line connected between buses 4 and 6 is the best location to install SSSC and UPFC and similarly, from Fig. 17(b) , for STATCOM, the best location is at bus-3, this is because, obtained TPL value in these locations is less when compared to other locations. The further analysis is performed by placing FACTS in these locations.
The consolidated OPF results when ATC is maximized and the respective TPL values are tabulated in Table 3 . In this table, ATC values are evaluated for the transactions for each of the generators minimum and maximum transaction obtained from the earlier analysis. From this table, it is identified that, maximization of ATC using OPF increases the ATC value when compared to load flow; further, the ATC value is enhanced using FACTS controllers. Out of which, maximum ATC value is obtained with UPFC when compared to the remaining FACTS controllers. It is also identified that, TPL value increases with OPF when compared to load flow due to increase of transfer capability. It is identified that, with UPFC, the ATC value further increases when compared to without device. This is due to the redistribution of power flows with UPFC. It is also observed that, maximum ATC variation is observed in the transactions 8-12 and 13-7; this is due to the nearness of UPFC to these transactions.
Similarly, the consolidated results when TPL is minimized and the respective ATC values are tabulated in Table 4 . From this table, it is identified that, TPL values are decreased when compared to the TPL value in ATC maximization. Due to At first, ATC is evaluated in all possible transactions with each of the generators. From the analysis, the transaction connected with load at bus-33 results minimum ATC value, as it is very farer from the generators area. By following the formulated heuristic rules in section 6, all the possible device installation locations are identified. From the TPL values in all these possible locations with FACTS, it is identified that, location-77, i.e. transmission line connected between buses 38 and 48 is the best location to install SSSC and UPFC whereas for STATCOM, best location is at bus-49, this is because, obtained TPL value in these locations is less when compared to other locations. The further analysis is performed by placing FACTS controllers in these locations.
The consolidated OPF results when ATC is maximized and the respective TPL values with FACTS controllers are tabulated in Table 5 . In this table, ATC values are evaluated for the transactions for each of the generators minimum and maximum transaction obtained from the earlier analysis. From this table, it is identified that, maximization of ATC using OPF increases the ATC value when compared to load flow. It is also identified that, TPL value increases with OPF when compared to load flow due to increase of transfer capability. It is identified that, with UPFC, the ATC value further increases when compared to without device and remaining FACTS controllers. This is due to the redistribution of power flows with UPFC. Similarly, the consolidated results when TPL is minimized and the respective ATC values are tabulated in Table 6 . From this table, it is identified that, TPL values are decreased when compared to the TPL value in ATC maximization. Due to decrease of TPL, the ATC value is decreased. Similarly, the TPL value is further decreased with UPFC when compared to without device. Due to this, the ATC value is further decreased.
Conclusions
In this paper, a methodology to evaluate ATC using sensitivity factors approach has been presented. The ATC value is further enhanced using OPF and FACTS controllers such as SSSC, STATCOM and UPFC. For this, a novel current based modeling for the considered FACTS controllers has been presented. With this modeling, the computational burden and thereby the time taken for convergence have been reduced when compared to the existing models. From the analysis, it has been identified that, the system ATC is enhanced using OPF when compared to the normal load flow. Further, the system ATC is enhanced using OPF with FACTS controllers when compared to OPF without FACTS controllers. It has been also identified that, the proposed methodology to identify an optimal location to install FACTS controllers increases the effectiveness of these controllers on system performance. It has been also identified that, among the FACTS controllers, UPFC is more effective device when compared to the remaining FACTS controllers. The proposed methodology is tested on standard IEEE-30 bus and IEEE-57 bus test systems with supporting numerical and graphical results.
Appendix A
The final steady state representation of the system equation with SSSC in terms of Jacobian and power mismatches is given as follows: 
The diagonal and off-diagonal elements of 'J SSSC ' are 
A.2. Modifications in power mismatch equations for SSSC
The mismatch equations in the presence of SSSC can be expressed as follows (superscript '0' indicates the power mismatches without device): 
